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ABSTRACT
One dimensional geometric analysis has been carried out in several scan lines from 885 measures 
o f twins in calcite grains to determine grain width (in microns) and twin density (number of 
twins.mm-1 ) distributions. Grain width and twin density have a good fit to the log-normal fre­
quency distribution. Twinning in calcite implies intracrystaline deformation mechanism with low  
shear stress. When the process begins low grain width and calcite twins are developed with a pro­
bably random distribution what could be supported by a negative exponential distribution ten­
dency. The twinning process continues until a "critical" value o f grain width and density which is 
going to influence in the scaling process, and becoming the distribution to log-normal type. But 
some data also conform to a power-law (fractal) frequency distribution from determined range or 
sizes (300 to WOO mm) and density (2 to W twins.mm-1) with some superimposed random (nega­
tive-exponential) elements, possible due to the irregularities at grain scale, but also because this 
systems show multifractal behavior.
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INTRODUCTION
R e c e n t a w a re n e s s  o f  f r a c ta ls  a n d  th e  d e v e lo p m e n t o f  
te c h n iq u e s  to  m e a s u re  f r a c ta l  d im e n s io n s  g iv e  r is e  to  n e w  
a p p lic a t io n s  in  v e in  d is t r ib u t io n  a n d  v e in  p ro p e r t ie s  s tu ­
d ie s  (e .g . G u m ie l et al. 1 9 9 5 ; R o b e r ts  et al. 1 9 9 9 ). In  th is  
s e n se , h a s  b e e n  in v e s t ig a te d  th e  p o s s ib le  f r a c ta l  g e o m e try  
o f  c a lc ite  e - tw in s  f ro m  g ra in s  th a t  f i ll  m ic ro v e in s  in  tw o  
a re a s  o f  th e  Ib e r ia n  C h a in  (S ie r r a  d e l A lto  T a jo  a n d  C a m e ­
ro s  B a s in , F ig . 1), a  s t r a ig h t  N W -S E  t r e n d in g  fo ld  a n d  
th ru s t  b e lt  lo c a te d  b e tw e e n  th e  E b ro , D u e ro  a n d  T a jo  T e r­
tia ry  b a s in s , in  th e  e a s te rn  p a r t  o f  th e  Ib e r ia n  P e n in s u la . 
T h e  Ib e r ia n  C h a in  w a s  b u i l t  u p  m a in ly  d u r in g  th e  P a le o ­
g e n e  in  r e s p o n s e  to  th e  c o m p r e s s io n a l  te c to n ic s  th e n  
o c c u r r in g  o n  th e  a c t iv e  m a rg in s  o f  th e  Ib e r ia n  P la te  (e .g . 
S a la s  a n d  C a sa s , 1 9 9 3 ) .T h e  d e fo r m a t io n  h is to ry  o f  th e  
a re a  is p re s e rv e d  in  th e  c a lc i te  e - tw in s  (e .g . G o n z á le z -  
C a s a d o  a n d  G a r c ía - C u e v a s ,  1 9 9 9 , 2 0 0 2 ) . T h e n  m o re  th a n  
100  v e in s  w e re  c o l le c te d  f ro m  th e  L o w e r  J u r a s s ic  an d  
U p p e r  C re ta c e o u s  l im e s to n e s  in  o rd e r  to  s tu d y  th e  p o s s i ­
b le  f ra c ta l  g e o m e try  o f  e - tw in s .  In  e a c h  sa m p le  w e re  
a n a ly s e d  m o re  th a n  4 0  g ra in s . T h e  tw in  in d e x  ( tw in /m m ) , 
g ra in  s iz e  (m m 2 )  a n d  th e  tw in  g e o m e try  (B u rk h a rd , 1 9 9 3 ) 
w e re  m e a s u re d .
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Figure 2. Cumulative frequency plotted against grain width. Four 
models are plotted: a) normal distribution, b) log-normal, c) nega­
tive exponential and d) power-law.
Figure 3. Cumulative frequency plotted against twin density. Four 
models are plotted: a) normal distribution, b) log-normal, c) nega­
tive exponential and d) power-law.
ANALYSIS OF FREQUENCY DISTRIBUTION OF 
CALCITE TWINS
In  th is  w o rk , o n e  d im e n s io n a l a n a ly s is  h a s  b een  c a rr ie d  
o u t in c a lc ite  tw in s  to  d e te rm in e  g ra in  w id th  (in  m ic ro n s) 
an d  tw in  d e n s ity  (n u m b e r  o f  tw in s .m m 1) d is tr ib u tio n s . T h e  
scan  lin e  d a ta  fro m  885  m e a su re s  o f  tw in s  in  c a lc ite  g ra in s  
can  be  u se d  to  v a lid a te  th e o re tic a l te c h n iq u e s  fo r  u ti liz in g  
tw in -d a ta  d is tr ib u tio n  an d  e v o lu tio n . C u m u la tiv e  fre q u e n c y  
lo g  (AO-log {grain width) an d  lo g  (AO-log {twin density) 
p lo ts  h av e  b een  u tiliz e d  to  v e rify  i f  g ra in  w id th  an d  tw in  
d e n s ity  c o n fo rm e d  to  a p o w e r- la w  d is tr ib u tio n , o f  th e  fo rm : 
N oc C g~D {1) o r  jV ° c C 5 ' d (2 ) ,  w h e re  N  is  th e  n u m b e r  
o f  g ra in s , o r  n u m b e r  o f  tw in s .m m '1 - d e n s i ty - ,  w ith  a s ize  >  
g o r  5. C re p re se n ts  th e  fre q u e n c y  o f  g ra in s /tw in s  >  u n it s ize  
{g/S), an d  - D  is th e  s lo p e  o f  th e  lo g - lo g  p lo t re sp e c tiv e ly  
(F ig . 2d  an d  F ig . 3d ).
D a ta  f ro m  e - tw in s  g e n e ra l ly  d o  n o t c o n fo rm  to  a p o w e r- 
law  d is tr ib u tio n . S o m e  o f  th e  d e p a rtu re  f ro m  th e  p o w e r- la w  
d is tr ib u tio n , (i.e . a  s tra ig h t lin e  re la tio n s h ip  o n  th e  lo g - lo g  
p lo ts , can  be a ttr ib u te d  to  tw o  e ffe c ts : t ru n c a tio n  - t h e  u n d e r  
sa m p lin g  o f  th e  lo w e s t g ra in  s ize  (<  6 7 .5  m ic ro n s )  a n d  th e  
lo w e s t tw in  d e n s i ty  (<  0 .1 4  tw in .m m 1), a n d  c e n so r in g  - t h e  
low  p ro b a b ili ty  o f  la rg e r  g ra in s  /  tw in s - , d u e  to  f in ite -s iz e  
e ffec t. T h e  la t te r  e f fe c t w o u ld  p ro d u c e  a  c h a ra c te r is tic  
d o w n tu rn  o r  s te e p in g  o f  s lo p e  a t th e  h ig h  w id th /d e n s i ty  en d  
o f  th e  lo g - lo g  p lo ts , u su a lly  a ffe c tin g  th e  w id e s t tw in s  (o v e r 
5 0 0  m ic ro n s ) ,  a n d  th e  h ig h e s t  tw in  d e n s i ty  (o v e r  4  
tw in s .m n r 1). T ru n c a tio n  an d  c e n so r in g  h a v e  b e e n  c o rre c te d  
fo llo w in g  P ic k e r in g  et al. (1 9 9 5 ) .
T o se le c t th e  b e s t m o d e l fo r  tw in  d is tr ib u tio n  le a s t-s q u a ­
res re g re ss io n s  h av e  b een  fit to  th e  s e g m e n ts  o f  g ra in  w id th
an d  d e n s ity  d is tr ib u tio n  in th e  lo g - lo g  p lo ts . G ra in  w id th  
d is tr ib u tio n  sh o w s tw o  s lo p e s ; th e  lo w e r  w ith  a d im e n s io n  
(D gl =  0 .6 1 , r2 = 0 .9 6 ) an d  th e  s te e p e r  w ith  a d im e n s io n  
(D g2= 1 .2 5 , r 2= 0 .9 3 ) . D a ta  c o n fo rm  to  a p o w e r- la w  d is tr ib u ­
tio n  fo r  a g ra in  s ize  in te rv a l ra n g in g  b e tw e e n  3 0 0  an d  1000  
m ic ro n s  w ith  a g e n e ra l iz e d  g ra in  s ize  d im e n s io n  (D g  =  
1 .31). T h is  p o w e r- la w  re g re ss io n  sh o w s a c o rre la tio n  c o e f ­
f ic ie n t ( r2= 0 .9 3 ) . T w in  d e n s ity  fo llo w  a  s im ila r  b e h a v io r  
sh o w in g  a lso  tw o  s lo p e s ; th e  lo w e r  w ith  a d im e n s io n  
(D ôl= 0 .4 6 , r 2= 0 .9 2 ) , an d  th e  s te e p e r  w ith  a d im e n s io n  (D (S, 
= 1 .52 , r2 =  0 .9 5 ) . D a ta  a lso  c o n fo rm  to  a  p o w e r- la w  d is tr i­
b u tio n  fo r  a tw in  d e n s ity  in te rv a l ra n g in g  fro m  2 to  10 
tw in s .m m '1 w ith  a g e n e ra l iz e d  d e n s ity  d im e n s io n  (D 8 =
0 .9 9 ). T h is  p o w e r- la w  re g re ss io n  sh o w s a c o rre la tio n  c o e f ­
f ic ie n t (r2= 0 .8 7 ) .
C o m p a rin g  p a irs  o f  v a r ia b le s  (e .g . tw in  d e n s i ty -g ra in  
w id th , an d  s tra in -g ra in  w id th ) , th e re  a re  n o t an y  lin ea l 
c o rre la tio n  (r2 = -0 .2 8  an d  r 2 = -0 .4 1  re s p e c tiv e ly ) , h o w e v e r  
c o n s id e r in g  th e ir  lo g a r ith m s  (lo g  d e n s i ty - lo g  g ra in  w id th , 
an d  lo g  s tra in - lo g  g ra in  w id th ) b o th  a re  h ig h ly  c o rre la te d  ( r2 
= 0 .9 8 ) , w h a t is a lso  c o n firm e d  u s in g  a c ro s s -c o rre la t io n  log  
fu n c tio n . T h u s  all d a ta  s tro n g ly  su p p o r t th a t g ra in  w id th  a n d  
tw in  d e n s ity  d o  n o t c o n fo rm  p o w e r-la w  d is tr ib u tio n s , h o w e ­
ver, b o th  p a ra m e te rs  h av e  a g o o d  fit to  th e  log-normal d is ­
tr ib u tio n  w h ic h  c an  be b e tte r  seen  w h en  c o m p a re d  w ith  the  
n o rm a l (g a u s s ia n ) , lo g -n o rm a l, n e g a tiv e -e x p o n e n tia l a n d  
p o w e r- la w  d is tr ib u tio n s  by  u s in g  c u m u la tiv e  f r e q u e n c y  
p lo ts  (F ig s . 2 a n d  3).
T h e se  p lo ts  p ro v id e  a g ra p h ic a l re p re se n ta t io n  o f  the  
d a ta  in a  fo rm  su ita b le  fo r  v isu a l e s t im a tio n  o f  th e  fit to  the  
d is tr ib u tio n  m o d e ls . In th e  c a se  o f  n o rm a l (F ig s . 2a a n d  3a) 
an d  lo g -n o rm a l (F ig s . 2b  a n d  3b ) d is tr ib u tio n s , th e  c u m u la -
Geo-Temas 6(3), 2004
GEOMETRIC ANALYSIS AND SCALING PROPERTIES OF CALCITE E-TWINS IN THE CAMEROS BASIN 67
tiv e  f re q u e n c y  is p lo tte d  a g a in s t g ra in  w id th  o r  tw in  d e n s ity  
(F ig s . 2 a  a n d  3a  re s p e c tiv e ly ) , o r  lo g  (g ra in  w id th  ) /  log  
(tw in  d e n s i ty  ) - F ig s .  2 b  a n d  3 b -, u s in g  n o rm a l p ro b a b ili ty  
sc a lin g . A  s tra ig h t lin e  p lo t in d ic a te s  c o n fo rm ity  in th e  n o r­
m al (o r  lo g -n o rm a l)  f re q u e n c y  d is tr ib u tio n . F o r  a  n e g a tiv e -  
e x p o n e n tia l d is tr ib u tio n  a  p lo t o f  lo g  (c u m u la t iv e  f re q u e n c y  
o f  g ra in  w id th  o r  tw in  d e n s ity , F ig s . 2c  an d  3 c ) a g a in s t g ra in  
w id th  o r  tw in  d e n s ity  is a s tra ig h t lin e , w h e re a s  fo r  a  p o w e r- 
law  d is tr ib u tio n  lo g  (c u m u la t iv e  fre q u e n c y  o f  g ra in  w id th  o r  
tw in  d en s ity , F ig s . 2 d  an d  3 d -)  a g a in s t lo g  (g ra in  w id th  o r 
tw in  d e n s i ty )  y ie ld s  a  s tra ig h t lin e .
INTERPRETATION AND DISCUSSION
T h e  b e h a v io r  o f  g ra in  s ize  a n d  tw in  d e n s i ty  is s im ila r  
w ith  a c h a ra c te r is tic  d o w n tu rn  o r  s te e p in g  o f  s lo p e s  a t th e  
h ig h  g ra in  w id th  a n d  d e n s ity  e n d s  o f  th e  lo g - lo g  p lo ts , 
u su a lly  a ffe c tin g  th e  w id e s t tw in s  (o v e r  5 0 0  m ic ro n s ) , an d  
th e  h ig h e s t tw in  d e n s ity  (o v e r  4  tw in s .m m 1). T h e  m e a n in g  
o f  th is  is c o m p le x , b u t c an  be  in te rp re te d  a s  fo llo w s: tw in ­
n in g  in  c a lc ite  im p lie s  in tra c ry s ta l in e  d e fo rm a tio n  m e c h a ­
n ism  w ith  lo w  sh e a r  s tre ss . W h e n  th e  p ro c e s s  b e g in s , low  
g ra in  w id th  an d  c a lc ite  tw in s  a re  d e v e lo p e d  w ith  a p ro b a b ly  
ra n d o m  d is tr ib u tio n  w h a t c o u ld  b e  su p p o r te d  b y  a n e g a tiv e  
e x p o n e n tia l d is tr ib u tio n  te n d e n c y  in th is  lo w  v a lu e s . T h e  
tw in n in g  p ro c e s s  c o n tin u e s  u n til a  “ c r i t ic a l” v a lu e  o f  g ra in  
w id th  an d  d e n s ity  w h ic h  is g o in g  to  in f lu e n c e  in th e  sc a lin g  
p ro c e s s , an d  b e c o m in g  th e  d is tr ib u tio n  to  lo g -n o rm a l ty p e . 
M o s t o f  d a ta  fro m  c a lc ite  tw in s  h a v e  a g o o d  fi t  to  lo g -n o r ­
m al d is tr ib u tio n , w h ic h  is re la te d  to  a c h a ra c te r is tic  g ra in  
s ize  o r  d en sity , b e s t d e sc r ib e d  b y  th e  a r i th m e tic  m e a n  (g ra in  
s ize  m e a n =  5 2 8 .2  m ic ro n s , an d  tw in  d e n s i ty  =  3 .7 3  m m '1 ). 
T h e se  v a lu e s  can  b e  c o n s id e re d  as “c r i t ic a l” v a lu e s  to  
in f lu e n c e  th e  sc a lin g  law . T h e  u se  o f  th e  lo g -n o rm a l m o d e l
a llo w s  fu r th e r  s ta tis tic a l a n a ly s is . B u t so m e  d a ta  a lso  c o n ­
fo rm  to  p o w e r- la w  c u m u la te d  fre q u e n c y  d is tr ib u tio n  o f  e- 
tw in s  in c a lc ite  w h a t is  in te rp re te d  as a  f ra c ta l g e o m e try  
fro m  d e te rm in e d  ra n g e  o r  s iz e s  (3 0 0  to  1000  m m ) an d  d e n ­
s ity  (2  to  10 tw in s .m m 1), w ith  so m e  su p e r im p o s e d  ra n d o m  
(n e g a tiv e -e x p o n e n tia l)  e le m e n t, p o ss ib le  d u e  to  th e  ir re g u ­
la r it ie s  a t g ra in  sc a le , b u t a lso  b e c a u se  th is  sy s te m s  sh o w  
m u ltif ra c ta l b e h a v io r .
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